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Hypochlorous acid (HOCl) is one of the important reactive oxygen species (ROS) 
and plays a critical role in a number of physiologically and biologically significant 
processes. Development of various HOCl fluorescent probes with high sensitivity and 
selectivity, especially with excellent cell membrane permeability and low cytotoxicity 
suitable for applications in biological imaging, is of great significance. Rhodamine 
derivatives, as one of the most important small molecular fluorophores, have superior 
photophysics and photochemistry properties, favorable cell membrane permeability 
and also low cytotoxicity, and therefore have been widely applied in biological 
imaging and environmental monitoring. In this report, two rhodamine fluorescent 
probes for HOCl have been designed and synthesized. And the fluorescent 
recognition properties of these obtained probes have been investigated by 
fluorescence measurement as well as confocal fluorescent imaging. The experimental 
results focus on following two aspects. 
A rhodamine 6G hydrazide fluorescent chemosensor has been prepared for the 
rapid HOCl detection in aqueous media. The system makes good use of the 
irreversible HOCl-mediated selective oxidation reaction to generate fluorescent 
response proportional to the amount of HOCl in neutral buffer. This probe exhibits 
superior photostability, and also high sensitivity and good selectivity for HOCl over 
other reactive species and most of the common metal ions. Furthermore, the probe is 
cell membrane permeable, and its primary applicability has been successfully 
demonstrated for fluorescence imaging of exogenous HOCl within living A549 cells. 
Cell proliferation assay proves that this probe has low cytotoxicity to the cultured cell 
line under experimental conditions. 
In addition, on the basis of the former research work, another new rhodamine 
6G-based fluorescent probe for HOCl has been designed, synthesized and 
characterized as well. The probe comprises a spectroscopic unit of rhodamine 6G and 














nonfluorescent because of its spirolactam structure. Upon reaction with HOCl, 
however, a largely enhanced fluorescence is produced as a result of the opening of the 
spirolactam ring by the oxidation of the exocyclic hydrazide and subsequently the 
formation of the hydrolytic product rhodamine 19. The fluorescence-on reaction 
shows high sensitivity and extremely high selectivity for HOCl over other reactive 
species and common ions. Most notably, the formation of HOCl has been successfully 
detected not only in living A549 cells by exogenous addition but also in living 
macrophage cells upon stimulation. A cytotoxicity assay exhibited that this probe is 
nontoxic to these cultured cell lines under experimental conditions. Compared with 
the former HOCl flurescent probe, the second one displays better sensitivity, higher 
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第 1章  引言 
1.1  活性物种 













































表1.1  活性物种 
Free radicals Nonradicals 
Reactive oxygen species (ROS)  
Superoxide, ⋅O2- Hydrogen peroxide, H2O2 
Hydroxyl, ⋅OH Hypobromous acid, HOBr 
Hydroperoxyl, HOO⋅ Hypochlorous acid, HOCl 
 Ozone, O3 
Peroxyl, ROO· Singlet oxygen, 1O2 
Alkoxyl, RO· Organic peroxides, ROOH 
Carbonate, CO3
2-⋅ Peroxynitrite, ONOO- 
Carbon dioxide, CO2⋅ Peroxynitrous acid, ONOOH 
Reactive chlorine species (RCS)  
Atomic chlorine, Cl⋅ Hypochlorous acid, HOCl 
 Nitryl(nitronium)chloride, NO2Cl 
 Chloramines 
 Chlorine gas, Cl2 
Reactive nitrogen species (RNS)  
Nitric oxide, NO Nitrous acid, HNO2 
Nitrogen dioxide, NO2 Nitrosyl cation, NO
+ 
 Nitroxyl anion, NO- 
 Dinitrogen tetroxide, N2O4 
 Dinitrogen trioxide, N2O3 
 Peroxynitrite, ONOO- 
 Peroxynitrous acid, ONOOH 
 Nitronium(nitryl)cation, NO2
+ 
 Alkyl peroxynitrites, ROONO 



















1.2  次氯酸的生物学功能和荧光检测方法的进展 
次氯酸（HOCl）是一类重要的活性氧物种，在生物体内通过髓过氧化物酶
（MPO）的催化，由双氧水和氯离子产生（1-1）[20-24]。在生理 pH 值条件下， 
 H2O2   +     Cl-   +   H+
MPO










种已报导的次氯酸荧光探针总结如表 1.2 所示。 

























































































HOCl in living 


































































图 1.1  对甲氧基苯酚修饰的 BODIPY 类次氯酸荧光探针 



























的最佳 pH 值为 12，因此可以避免许多常见的金属离子对次氯酸根检测的干扰，

















































图 1.7  (9-蒽)乙烯基二茂铁类次氯酸荧光探针 



























1.3  论文的选题背景和主要研究内容 




表1.3  几种罗丹明类试剂及其分子结构 
基本结构 试剂名称 
取代基的位置 









罗丹明 B C2H5 C2H5 C2H5 C2H5 H H H
丁基罗丹明 B C2H5 C2H5 C2H5 C2H5 H H C4H9
罗丹明 3GB C2H5 C2H5 H H CH3 H C2H5
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